
AD-A201 455- "AG jquest for Clearance of Technical Paper (USARIEM)

TO Commander. USARIEM . ROU Dir, H&P Div DATE 29 Aug 88 CMTi

1. Reference USARIEM Memo 360-1, request clearance of attached C"manuscript, M abstract, Cpresentation,
0 technical report, C review article. Report Documentation Page, DD Form 1473 1%(is not) attached.

Title Effect of Heat and Chemical Protective Clothing on Sustained Mental

Performance hy Female Soldiers

Author(s) Bernard J. Fine

Intended for publication in Aviation, Space and Environmental Medicine

Intended for presentation before __"

Location Date

2. Budget Project No. 3.161102BS15 Cost Code 84W0082101046

3. Attached contains no classified material. It meets accepted standards for scientific accuracy and propriety. It '
contains no potentially sensitive or controversial items.

EnclRd, hD

Ditector, Health & Performance Division

SGRD.UEZ ( )

THRU Chief, Admin Svc Br FROM Commander DATE /?e :Xa Ot/ CMT 2

TO DT)
SClearance is granted. DI

- Clearance Is not granted. OCT3 1 MU

[ This document must be forwarded to USAMRDC for clearance.

Encl DAVID D. SCHNAKENBERG
nc Colonel, MS

Commanding

hm 4, mob" be CLEARANCE NO. M68-88
Awt l~o is i IMM8

NATICK FL 413
1 Jun SE EDITION OF 1 DEC 34 $ OBSOLETE.

DA "F1 O 2496 ,W#V, w --ft v ,L @a um -"" "" I U



Im-

Zffeot of Heat and Chestiol Pmteotive Clothing cc Sustai•*d Mental

Perforamnoe by PNale Soldiers

Bernard J. Pine, M.A., Ph.D.

U.S. AMay Roseezoh I.atitute of Environmental Mdjioine

Natiok, lassaohusete

Correospondenoe to, Bernard J. Fine, Ph.D.

Health and Performenoe Division

USARIZq, Army RD & 9 Center

Natiok, MA 01760

Telephones 508-651-4855

Running Heads Heat and Mental Performanoe by Women

a60e95ion For .

DTIC TAB
Unanounc ed

Diatribution/_

rAvailability 

CodesAva• an/or

Dist Special

It

88 1031 149
I L l l H Il l lllqI l l lIg l I[ I•l il••



-r

SeAbetract

• This study e dned the effects of heat an sustained wntal peTformanoe

by sedentary female soldiers olad in ohemioal protective clothing. Seventeen

women traine for 2 weeks = militcry tasks. Then, they performed the tasks

for 7-h period* cc suooesive days [Doe 1 and 3:21.1 C, 355rh, battle dress

uniform (BDU); Day 2=12.8 C, 35%rh, protective clothing over BEI; D7y 0z32.8

C, 61%rh, protective clothing "ver Eli). After 3 h in the beat in protective

clothing, group porformanoe began to deteriorate. Two persons had to be

evacuated in the 3rd h of exposure, 3 in the Ath azM 5 in the 5th. The

remainin- 7 showed no adverse effects on performaoe of any task. No

differences were found between oasualties and non ý "sualties in rectal

temperature or water onsumption. Performance of a majority of the group also

was adversely affected by the proteotive clothing at 12.8 C, 35%rh. We

conolude that the effects of heat and protective clothing on women are more

severe than on men, but the reaons are not clear at this time.

' Climatio stress; military performanoe; group produotivity; wemeem'



Iffeot of Heat and Chemioal Protective Clothing on Sustained

Mental Performance by Pemale Soldiers

"Berna•d J. Pine, M.A., Ph.D.

U.S. Army Researoh Institute of Environmental Medioine, fatick, MA

The olothing system ourrently issued to military personnel for protection

against ohemioal agmnts is relatively impermeable and substantially limits the

dissipation of heat from within. The increased heat load has been shown to

have an adverse effect on the performance of tsaks requiring either physical

(3,7,8,9) or sental (4,5,11,12) effort in both temperate and moderately hot

environments.

With specific regard to so-called "mental" work, Pine and Kobriok (4,5)

found that the performanoe of a group of highly trained male soldiers began to

deteriorate markedly after four to five hours of eustained work at 32.8 C,

61%rh while wearing a chemioal protective ensemble. By the end of seven hours,

average group aooura•oy had decreased 17-23% from oontrol conditions for

:.nvestigator-Aed tasks. Aoouracy on self-paoed tasks was not affected, but,

with self-pacing, productivity deolined to about 40% of oontrol oonditions.

All of the available information about sustained mental performance while

wearing protective olothing in the heat appears to have been obtained from

males. Yet, while women are not permitted in the combat arms, si&ni•:ioant

numbers of them are in support units which are likely to be involved in

oritioal situations where chemical agents can be present.

There appears to be no basis upon which to predict differential cognitive

performance of women relative to sen under conditions of heat stress and

protective clothing. Stephenson and Kolka (13) have noted that there have been

few thermoregulatory differences shown between sen and women in studies which
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have been properly controlled for faotors (e.g. physical fitness) whton

iWdependently affect thermoregulation. While there is some evidence that both

mental performance (2) and thermoregulation (13) vary with menstrual cycle,

there appears to be no evidence linking mental performanoe with

thermor•gulation.

This study was undertaken to provide peotifio information about female

performance of mental work in the heat while wearing chemical protective

olothing. It is a replioation of the research reported by Fine and Kobriok

(4,5) with male soldiers. The foous of this first study of women was on

performanoe rather then on thermoregulation.

As in Fine and Kobriok (4,5), throe important criteria have been observed

in the design of the researoh: (a) participants performed tasks that would be

required of at lest some troops during a chemical attack, (b) the tasks were

overleerned, as they would be among highly trained troop., and (o) exposure to

stresm was at least for as long a time an the olothing is oonsidered to

provide protection.

The tasks in this study have been used effectively in previous researoh

(4,5,6, and in unpublished research by ?ins and Kobriok). They were modelled

after components of tasks performed by mmbers of Artillery Fire Direction

Center (FDC) teams, forward obeervers and oomunioations persoanel, and are

considered to be among the most important types of tasks that would be

performed by troops under attaok by ohemical or any other weapons.

MATEMIALS AND MHOD8

Subjeotss 18 female soldier volunteers, ages 20-34 (moedianM22), were

studied. All were screened by a medical officer. Because of the need to wear

a cheuical mask in the study, all pmeonnel were requized to be able to reed

without glasses or to possess optical inserts for the mask. Partioipants were
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briefed m the yurposes, design and potential hazards of the study and signed

volunt@ry consent forms. (The research oonformed to AR 70-25 and USAMRDC

"* Regulation 70-25 on Use •f Yolunteers in Reseasch.)

Taskot Pour tasks were used as the major dependent variables. Eoh was

desigrnd to be consistent with oontrolled scientific investigation and to have

credibility as a genuine military antivity.

(1) "Codebook," Receiving and decoding previously tape-recorded. militaxy

oommunioations, varyimg in length from five to eight words, which were

transmitted as radio messages through headsets. The task required that each

coded aessage be written as received, be decoded by referring to a simulated

Army code book, and the translation written on an appropriate form.

(2) "Codewheela" Reoeivinxg and deooding map grid ooordinates which were

transmitted as radio mesges through headsets. The ooded information bad to

wheels") selected, the alphabetic information decoded into numerio format and

the result written an a form.

(3) "Sites" Computation of "Bite," a correction for the asymetriLal

trajectory of an artillery round, involves the use of a special slide rule and

the man-tpulation of numbers. (Cosputers now are used, but proficiency with

hand tools is still required of some FD mebers.) Tape-reoorded information

was transmitted over headsets in authentio military formt. The infor mtion

had to be written as resoived, addition end/or subtrotion performed, the

resulting data entered into the slide rule, the rule appropriately

manipulated and answers read from it and written accurately on a form.

(4) Plotting-targets on maps and determining ranges and defleotionms All

pLrtioipsnts were given identical maps and idrntioal lists of tUrgets to plot.

They were required to plot each target, using an artillery plotting scale,



mark the location of the target with a map ping draw a circle around it and

write the target number in the circle. They also vere required to determine

the ra•ge and deflection of the target from a designated %-Mtery (pre-plotted

on the map), uaing an artillery protractor. Ansver. had to be written cc a

torm and included the tlme of completion of the calculations for each target,

enabling quantification of number of targets plotted per unit of time. A

further ooaplio.tion was introduoed by having a number of "No Fire Zones,"

delineated .by sets of grid coordinates, listed on each person's report form.

Awareness of these sones had to be indicated by noting on the form whether or

not a speofic target should be fired upon. The sones were ohanged after every

ten targets to prevent their being memorised an4 to inorease the wed for

alertness.

The Site computation task and the two decoding tasks herein are referred

to as "radio" tasks. They were paced by the rate at whioh the radio esa*ges

were sent ("investigator-paoed") and could not be controlled by the

participants. The map plotting task at times was "investigator-paosd" sad at

other times was "self-psoed," i.e., each person had oontrol of her own work

rate (see below).

The subjects did not know which of the three radio tasks they had to

perform until a specific message arrived. The messages were realistic in

content and for and included a variety of speaking voioes and transient

background noises.

"Irperiantal Design and Prooedures The subjects, in six-person groupe,

were soheduled to arrive at three-week intervals. ?our groups wee expected

over approximately three months. Because of long-range scheduling problem and

attrition of selected individuals prior to arrivcal, five roupe, varying in

use from three to four persons (Na18) were obtained over a period of six
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months. hEah group completed its asmignment prior to the arrival of the next

oe.

hoh group was trained intensively for to weeks (exclusive of

wook-edas), 6-7 h/day, followed by one "vxpelrumntal" week, the purpose of

which was to evaluate performanoe in the heat whil.le wearing chemical

protective clothing. Both training and subsequent experimentation took plaoo

in onvironmentally-oontrolled facilities.

The olothing ensemblo worn in known as the Mission Oriented Protective

Posture (MOPP) system. It provide" 4 levels of inoreasing chemical protection

preparedness, ranging from minimum (MOPP-I) to maximum (MOPP-IV). MOPP-IV,

which vas used in this study, is total enoaspulaticin, and includes a two-piece

suit, worn completely closed over the battle dress uniform CM), along with

bootst, gloves, msk and hood.

Training for the radio tasks began with a simple written format and

became inereasing7y complex, culminating in realistically simulated military

oommunioations. During training, severael hundred rsdio messag were

premotioed, and hundreds of targets were plotted on maps. For all tasks, there

war within-sesesio feedback of correctness of responses and disoussion of

errors and thoir oaus u. Smphasis initially was placed on accuracy and later

on speed, as aOcuracy goals were achieved. All subjects received ocnstant

individual attention.

During the first week of training, partioipants gradually were introduced

to performing the tasks while wearing MOPP gloves and/or mask. During the

second week, they performed the tasks daily in the morning with and in the

afternoon without the MOPP-IV system at appropriate ambient temperatures (see

below). By the beigining of the "experimental" oeek, *veryo* bhad performe

all of the tasks in MOPP-IV for about 8 h, spread over 5 d.



Thez "rimetal week proceeded as follow0a Monday-No I h "refresher"

wmsams to re-seetab1ih pro-veekend performm**o levels on the task (21.1 C,

35)1h); eday-"EIV-Coitrol-l"u 7 h at 21.1 C, 35%rhl battle dress uniform;

Ve day-"ff0PP-Ccntrol"t 7 h at 12.8 C, 35%ft, IPP-IV worn over 3BM

Thuday-"B]-Control-2"a ow as Tuesday; Prlday-"NO)P-Neat-Strees"i 7 h at

32.8 C, 61 %rh, OPP-_IY ,ma over 3MJ.

The HOPP-Control day was kept at 12.8 C so that it would be the physical

equivalent of the 21.1 0 MU-Control oondition for a 7-h exposure (calculated

by J.R. Breckenridge, this Institute). This "matching" of environments was

done to insure that performace in the HOPP-Control condition rQflooted only

the effect of weLring the protective ensemble, and not the effect of

additional heat due to enoupsulation.

The radio tasks were presented as 1-h blocks of momsae". Twenty-five

mesageas were sent to eaoh participent per h. Pive of the seeesse were

"irrelevant," i.e. types of iaeages to which the pLrtloipanta had been

trained not to respond. Of the remLining me sagee, 6 wers oodevheol, 6

oodabook and 8 computation of Bite. The type of missage and the interval

between wesages varied aooording to a pre-deter•-uned random pattern.

Intervals ranged from approzlmately 30 @ to over 2 mnn. There were no

duplicate messages throughout the entire experiment.

Uvevyone received identical msessage within sach tour. However, the order

varied from person to person, i.e., participant #1 received a •quenoe of

messages from #1 to #25, mad had the eAe sequenoe for all hours in which she

reoeived onsage. Participant #2 received identical message, bat her

sequence started with message #2 and ended with mesge #1. Participant #3

started with mosge #3 sad ended with meage #2 aMd so on. This preur

an4 the randomly variable intervals between msages insured that everyos was
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workins independently.

The radio meages weore *pented four time on esoh of the four

experimmtal days as hours 1, 3, 5, and 7. fte hours were matohed In terms of

the order and diffioulty of the mnsages, e.g., if message #3 was a oodebook

mesage in hour #1, not ouly ws it a oodebook message in hours 3, 5 and 7,

but it also oontained the same ember of words to dooode.

While monitoring for radio messages, partioipants also plotted targets

and determined ranges and defleotions. However, radio mesaget weor assigned

highest priority. Nap work was interrupted in order to respond to radio

message. and to oarry out the required performnoes. Map work was then

""esued. Thus, during hours 1, 3, 5, and.7, everyone was oontinuously aged

in mental work.

During the 2nd, 4th and 6th hours, everyone worked oontinuously on map

problems and were interrupted twioe for brief individual testing of oontrast

sensitivity and eye-hand ooordination (to be reported elsewhere). During these

hours, everyone worked at her own pace on the map task for at least 30 minutes

without interruption.

b•oh "one-hour" period inoluded a 10-min rest period.

As a preoaution on the KOPP-Heat-Strees day, reotal temperatures were

monitored at 5-min intervals (more frequently if temperatures approached 39

C). Safety regulations required removal of personnel from the heat if reotal

temperature reaohed 39.5 C. Water was kept readily available, drinking was

enoouraged and oonsumption was monitored to assure adequate hydration.

Drinking while wearing the HOPP mk was aooomplished b7 means of a rubber

tube oonneoting mask with cante=. go food or beverages, other than water,

were oonsumed during any of the experliental sessons. awing training,

smoking was permiitted only durilng breaks. It wa not permitted during the



-zperiatO • sessions . Aocoes to a portable toilet was permitted during

epoerimmontl moessio2a but was discougeojdo. Very few persons availed

thnmselves of the opportunity and those did so only during rest periods.

PSULTS AND DISCUSSION

The data of one partioipant were exoluded from enalysim beoause of

i.rregulariti•t in behavior and performaeno.

The radio task* were moored for aoourMoy using the criteria of Pine and

Kobriok (4, Appendix 6). eaoh response was ohoked independently by two

scorerm. Their evaluations then wero oompm•)rd and disorepanciem vere resolved

by discussion.

There were two types of error@; omission and commission. Omission

involved missing part of an incoming message or performing an incomplete

translation of it. Comission involved recording inooming information

orroneously or erring in computing or translating it.

In the HOPP-Heat-Stress condition, 10 persons had to be evaouated for

medioal reasonsl 2 in the third, 3 in the fourth and 5 in the fifth hours. All

evacuees had either fainted, given indications that they were about to faint

or were judged inoapable of oontinuing by the medioal officer oand/or

investigator. Criteria entering into the decision to evacuate included

dissinoss, inoohoront responses to questions, feelings of total exhaustion,

cessation of performanoo, or an expressed statOm•t of desire to terminate. No

on was removed because of hyporthermia. Avorage rectal temperature at time of

removal for 10 persons was 38.2 C; only 1 person reached 39.0 C. Average

temperature for the 7 women who vere not evacuated was 38.0 C for each of

hours 5 and 7. No differenoes in water oonsumption wore found between evacuees

jand those who remained for the entire exposure. Body weights were not

obtained, so weight loss could not be ascertained.
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bba-sis was an unit performanc, hence, as In Pine end Kobri•k (4,5),

ey ouewe we SIly the nziunm number of omission mops ]oesible for the

redi . ka and sooz4d a- havia Dlotted no targets for the tU. 2eriod they

m•siod. Group average. ame reported tor all tasks and refleot this method,

which provides a more ralistia assessment of unit performance than would the

exclusion of data from evacuesi. Mesentially, this in a *worst casse" analysis,

heavy weight being placed an becoming a casualty, as it would be in a combat

uit~atlon. This proo.dure has been discussed by others at various times ( see

Pine and Kobriok; 6, page 121).

With respeot to the overall performance of the group, it in Important to

note that the 7 women who were not evacuated showed no siganficant adverse

effeots of heat on the performanoe of anmy task.

Analyses of variance (ANOVA'S) were computed for each of the tasks, using

the error soores of each subjeot, in order to determine the affeot& of

experimental conditions, elapsed hours of work and their interactions on task

performance. The results of these analyses are pnsmented in the text below.

The number of errors made by eacoh person an eaco radio task as converted

to percent of total possible errors for that task. The percentage. then were

averaged for the group, and are the basis for the graphs used herein.

"Internal" comparisons, i.e., differences between elapsed hours of work

within conditions or between conditions after i given number of hours of work,

were made using the Lout Significant Differenoe Test (1,10).

CODBOOK: The results for the Codebook task are shown in YUg. 1 and

represett errors of omission and ommission combined.

INSIRT FIOUR3 1 A2BT MI

The ANIOVA for the oodebook task resulted In significant main effeots for

Conditions (Fz4O.31;d.f.u3,256;p<O.O0001) and Rlapeed Hours of Work
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(Fall. 93d.f.=3,256;p<OO.O01) azd a alslgtiiant interaction between the two

(P7.51 ;d.-f.9,256p(<.00001).

bt'e were no sinifioant differenTo-s betwn the two U-Control

conditions at any hour of testing, nor were there any differences between

hours of testing within either of the BIM-Control conditions. This indicates

that the group had reached a consistent level of performano which did not

vary signifinoetly over 7 h.

Despite approximately 8 h of training while wearing it, the protective

olothing, by itself (MOPP-Control condition), appeared to cause a significant

decrement in performance of the Codebook task; oomprison of the MOPP-Control

condition with each BIMl-Control condition yielded signitioant decrements at

all hours of oerparison, This result im similer to, but somewhat stronger

than, that obtained by Pine and Kobriok (4,5) with mase. Averag group

decrements rmnged from 25% to nearly 38% over the 7-h period.

No clear- out effeots of heat were ee"n until the fifth hour. Then,

highly significant average docrements (57%) occurred, reaohing 70% after 7 h.

(It should recalled here that the scoring system emphasized unit performance.

Consequently, the large deorements in the fifth and seventh hours vere due to

the evacuation of many partioipants an heat casualties.)

CODEWVKKLs The results for the Codew l taUsk are shown in Pig. 2. Par

total errors (errors of omlssion plus oomission), an ANOVA yielded a

significant main effeot for Conditions (04O.761d.f.23.256;p<0.O0001) and

Ilxpeed Hours of Work (F'8.41d.f.z3,256;p<O.OO001) and a significant

interaction between the two (Ps7.87d.f.z9,256;p<O.O0001).

INSM' PIGURN 2 ABOUT HMR

As with the Codebook task, performance in the EDJ-Control conditions

showed remarkable oonsistenoy and stability over the 7-h periodl no
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sigpntifiat differenoce were observed betven the two oonditio•s at amy hour

or between hours in either condition.

Performance in the HOPP-Control oondition showed a sipifioant decrement

(when compered with both BIN-Control oonditions) in the first and third hours.

In the MO0P-Hoat-Strsees conditionp the proup showed no edverse effect of

heat in 'the first hour. In the third hour, howevert, performnoo was

significantly poorer than in either EDU-Control oondition, but did not differ

from MOPP-Control. Thus, as me the oaso with the Codebook tosk, for the first

three hours, the decrement in performaneo appears to be attributable to the

protective suit per se and not to a suit-beat interaction. The effeots of heat

became evident by the fifth hour, however, and, by the end of the seventh

hour, average proup error bad reached 68.6%, obviously attributable to the

evacuation of personnel.

COMPUTATION 01' SITEn This was the only radio task in which the content

was presented twioe, due to the relative difficulty of the material. The

effect of the message repetition is evident In the lover error rates (Pig.3).

INS1RT FIGURE 3 ADOUT

ANOVA of total (omission plus oouission) error scores resulted in

signifioant effects for Conditions (PFA5.12;d.f.u3,256;p<0.00001) and lapsed

Hours of Work (Pa9.999d.f#23,256;pC0,00001) and a significant Conditions by

Hours interaotion (Ps10.23;d.f.n9,256;p<O.O0001).

The two BDU-Control oonditions were exceptionally stable over time

BDU-Control-1 varied less than 3% from hour to hour over the 7 h and

EDU-Control-2 varied no more than 1.3%. The two conditions also were

remarkably similar to one anotherl the largest difference between tem was

obeerved at hours 1 and 3 and Was only 1.5%.

The sinpifimnt doorement in performanoe in the HOPP-Control oondition
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* w~hiob was found with~ the Oodebook and Codswt2eel tasks was not a.pparent here.

%ae HOPP-Heat-Stress condition did not differ from the MOPP-Control

condition in the first or third houv, but in the fifth hour a dramatio

increase in error rate to 54.1% ooour'red, attributable to the 1aM number of

evacuees. the average goup error incresed to 62% by the seventh our.

NAP PLO!'ls The results of this task are separated into two cstegorisio

performanoe conourrent with radio message reoeption (hours 1, 3, 5, 71

"inveetigator-.poed"), and performance without that interferenoe (hours 2, 4,

6; "self-paoed").

NUMBER OF TARGETS PLOTTD, HOR 1, 3, 5, 7s The average number of

targets plotted by the group by Conditions and Elapsed Hours of Work are shown

in Pig. A. ANOVA resulted in significant main effects for Conditions

(P-59.5id.f.:3,2t56p<O.OO01) and for Ilapsed Hours of Work

(Pz3.98;d.f.%3,256;p<O.01). There was a tendency for more targets to be

plotted in BDU-Control-2 than in BDU-Control-1 in hours 1 and 3; the

difference is signifioant only for the third hour. This is identical to what

was found with males by Pins and Kobriok (4,5). Performance in eaob of the two

--Control conditions was very consistent, teetifying to the effioaoy of the

INSIRT FIGURE 4 ABOUT HERE

While acouracy was not affected, significantly fewer targets were plotted

in the HlOPP oonditions than in either of the BM-Control oonditions. In the

MOPP-Control oondition, simply wearing the protective suit, without the added

stress of heat, apparently intorfered with performance " It bad with the

Codebook and Codewheel tasks. Output, while lower, n&vertheless was very

ocnsistent from hour to hour (9.65, 8.94, 8.94 and 8.59 average trgst•

plotted per person per hour for hours 1, 3, 5, and 7 respectively).

FI
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"Pertormance in the HOPP-Control and HOPP-Heet-Stress oonadition did not

itffer in hours I and 3, but by hour 5, a casualties started to ocour, large

and eian'fIoent deo toments in productivity (but not acouraoy), due to heat,

"beca• apparent, inr•easing in the seventh hour.

X M OP TAROUS PLOT=, hOMS 2, 4 and 6: The results for hours 2, 4

&M 6 are ehown in Fig. 5. ANOVA resulted In a highly signifioant Conditions

effeot (F=36.71jd.f.z3,192;p(0.00001) and a signifioant effect for Lapsed

Hours of Work (Pz3.78;d.f.z2,192;p<0.02). As a gpoup, participents performed

* approximately the same in eaoh of the two 3W-Control oorditions; the average

*. number of plots per p~rson per h ranged from 21.76 to 25.47, a very tight

envelope.

isET FIGURE 5 ABOUT HIRE

Performanoe in the MOPP-Control condition wa siunifiontly poorer than

in either B3-C-ontrol oondition at eaoh of hours 2, 4 and 6. Average soores

for hours 2, 4 and 6 were not significantly different from ome another.

Produotivity in the MOP-Heat-Stre8 oondition wa significantly lees

than in either 3W-Control condition at each of hours 2, 4 and 6. Produotivity

in the heat did not differ frcm HOPP-Control at hour 2, but declined rapidly

and signifioantly at hour 4 and even further at hour 6, as the evacuation of

stressed persons from the ohamber proceeded..

RANGEt, M• rION AND TINO ERRORMO As we the case in the Pine and

Kobriok study (A,5), the trainin was to effective that very few errors were

made in plotting targets or determinig •awe and deflection. Pnge eror

averaged .22 per h per participant over the entire study. Defleotion errors

averaged .41 per hand plotting errors averaged .78 per b. Seowee of the low

incidence of errors, statistioal analyses were not undertaken.

fine and Kobriok (4,5) found that the oombiation of beat and proteotive



elo•iag led to a progressive dete.ioration (inoreased errors or deoreased

productivity) of the performanoe of male soldiers starting after three to four

hours of sustained work. In their study, 1I of 20 persons were able to

omplete the seven-hour scenario. In the present study, degradation of the

wOMen's perfozisnoe started at about the smaie time as the men's,,b tK~

progressed much more rapidly. Signifioant numbers of women dropped out along

the vsy, so that only 7 of 17 women survived the heat exposure. Sinoe most of

the women who had to be evaouated were performing quite well up until the tin•

o ev•ouation, it is probably more appropriate in this study to refer ýo

women's ability to sustain perforinnoe, rather than to the effeot of the

onvironmentil stress on their mental perforsmaoe.

The critical question is why males were able to "go all the way," albeit

with some deterioration in mental perforamee, while meot females rapidly

reaohed their limit of enduranoe, but showed relatively little deterioration

in performance prior to reaching that limit?

One explanation may lie in the observation by Pine and Kobriok (4,5) that

many of their male partioipants bad sweated through at least part of the

proteotive olothing in the heat. This wa not found to be true of the women in

this studyl, and is oonsistent with other information (13) whioh ndioates thx+

females sweat less than sales at a given temperature. While differenoes in

reotal temperatures were not found between male and female groupos it is

possible that the differential survival rat.. between genders, at least in

part, may have been due to inOreased evaporative cooling of many of the mcles,

because of vet clothing, even with minimal wind (2.5 mph). Information is not

available for a more detailed analysis of the thermal state of the subjects in

either study.

Another explanation for the gender differenoes may lie in the observation



that the wamen omjlsined muh maoe frequently of uper body fatigue Asen

weaing the pWteotive olothing. ftis may be due to diffoermcme In physical

.. " -- •tM m s/eu to te fa.ot that the WamM generally we"e inlle' than the men

Ad, onMsuently, wer beaing proportionately more weght on the upper body,

-aptioularly a regads mask and hood, making the tasks more pysloemlly

emanO n to perform.

The poorer pezformanoe of both mlem and females in the IOPP-Control

coaditio, as ompared to the two 3m1.Controls also is difficult to e=plain.

First of all, it is not likely that the poorer perforzmanm me maused by

factors suo an impeded4 mmual dexterity due to weeiog gloves or to impaired

vision bemause of the mauk (11). Iveryone bad trained about 8 h with mauk

and/or gloves prior to the MOPP-C(otrol session and no difficulties in writing

or manipulating the "tools" had been observed. Prtherore, the increase in

orrors in the !IOPP-Coctrol ooidition •e primarily due to inoreases in rrors

of oission...to not receiving mNages properly, for oeample, rather than to

errors of oommissiou, i.*., faulty writing or tool manipulation.

It is possible that despite performing in IWOP-IV during the training

weeks, the antioipation of veeing the proteotive suit in the mor realistic

situation of the experimental week, in a olimatio obamber, with the knowledge

that 7 h of endurance wa expoted, aroused soame anxiety and Imposed its on

stress on the subjoota. If so,this additioma stress took a greater toll of

the females; male performanos in MOPP-Control always approsched B3U-Oontrol

levelus by the seventh hour, wherea females, as a group, did not sho this

"reOovery.

It is informative to note that for all tasks, for both ge"•ndr,

performane in WPP-IV a oP A (MOPP-Fleat-Btrees) bsw at proal ,Ly t-he as

man level that each group had reaohed at the eod of 7 h on b in MOPP-IV
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(NOI-Omitral). This gives oc~sedeo to the cowoept of there being an

Odaptation period in wearing the MOPP gear; it takes a while to get used to

bit. lo adaptation, apyarently, wa ame difficult, in general, for women than

for men. This rationale La weakened somewhat by the faot that performance an

the Sits task was rot s*•gnMwmtlFy affetod in the MOPP-Control condition.

3 .. this m the only •*aio Usk in which mesageo were repeated, decrements

in the other radio tasks In the MOPP-Control condition inay have been a

funotion of a single presentation of the mesages.* However, the fact that

performance on the map plotting tuk, which wa not dependent on msage

repetition, also deterioisted in the 1MPP-Control condition asgues against

this latter interpretation.

CONCLUSIONSa If these results can be generalized, very serious

impairuents in the ability to sustain performanoo of oognitive Us" may occur

among female yersonnel wearing ohemioal protective clothing in the heat; the

"unit" reproesnted by the 17 enlisted women in this study ma deoiated by

more than 50% casualties prior to six hours of hoat exposure. Additional

researoh is needed to determine whether the gender differences obseoved

between this study and a previous one with male subjeots reflect basic

physical, physiologi&l or psychological differences or reside in transient

factors particular to the samples involved, such as differences in physical

fitness, siiz or experienoe.



17

r., ReterenOt=

1. BRoam YJ, Moffitt DR. zap•i•o Mote O.rlo Type I tror for mltiple

ocmsqrisaa poeure. Iionetrias. 19711 270738-44.

P. Braverman MM, Vogel W9 Klaiber IL, Maoher Do ahea D, Paul V. M~ange* in

cognitive Usk performanl e saro.s the mnnstrul cycle. J. Oomp•r.

Physiol. Plyaol. 19811 95s646-54.

3. Carter B7, Caermeyer N. Biopaeohologioal responses of medioal unit

personnel vering oeiesioal defense enmemble in a simulated chenical

warfare environment. Military MWd. 19851 150t239-49.

A. Pine 3J, Kobriok 31. Assessment of the effects of heat and NBC proteotive

olothing = performanoe of critical military tasks. T*oh. Rept. T11/85.

Natiok, HAs U.S. Army Research Institute of oviroumenta.l Medicine,

1985.

5. Pine B., Kobriok J`L. Effeot of beat and chmical proteotive olothing on

oognitve performance. Aviat. Space &vwiron. Ned. 1987; 580149-54.

6. Pine 33, Kobriok 3L. Iffeot. of altitude and beat on oomplex cognitive

tasks. Hum. Not. 1978; 200115-22.

7. Garrett, Jr. P, DeBellis W. Human hlginering 1Lbor•tory Aviation Supply

III/V (KiVYAB ni/v), presented at Tri-Service keromedical Reserohc

Panel Chemical Defense Wohnioal Meeting, Bn Antonio, TX. 1981.

8. Ooldmn RI', br"okenrldge JR. Ourrent pproacbes t4 rmeolving the

physiological beat stres problems imposed by chemical protective

olothing systems. Proo. 1976 Army Science Conf. Vest Point, KYt

19761 ,.,447I-53.

9. Fkrtin HD, Goldman R?. Comparison of physiol, biological and

physiological methods of evaluting the tberma stress associated with

wearing protective clothing. Irgonom. 1972; 150337-42.

-- '4 -



18

10. Peareso S, Hartley 9O. Diometriks tables tor statistioians. Vol.1.

Loeaou, fabridge University Press, 1958.

11. Rauch T, Mharion W. The effects of wearing the chemical protective mask

an g loves an conitive problem solving. tech. Rapt. T20/87. latiok,

RA, U.S. AMr Research institute of avircrental Modicine, 1987.

12. Rauch TM, Witt C, ]hnderet L9, Tausoc T, Golden N. The effeots of wearing

chemical protective clothing oc cognitive problem solving. tech. Rept.

T18/86. Natiok, KA, U.S. Army Pesearoh Institute of Environmental

Medioine, 1986.

13. Stephenson LA, Kolka MA. Iffeot of gender, oiroa4din period and sleep lose

an thermal responses during exercise. Ins P~dolf KB, Sewk MR,

Gormles RR, ede. Humn performnoe pysiology and environmental

medioine at terrestrial extremes. Indianapolis: Benchmark Press, 1988.



Pi. Kith A. Ciohn ws indispensible in all ph"ase of the research.

Speolalist 4 Lin" S. Gowuzlock ably assisted in various phass, of testing

eM, with Sat. Anthony Marshall, pr'ovided excellent logistical euppart.

Maor Arm 3. Allman, the NMdioal Offlior, was emplry in her close wm

oo.ring monitoring of all partioipantm during the stressful aspects of the

esoearch.

Drs. Lou A. Stephenson and Pmazgaret A. Kolka vewer eep*cially helpful in

providing information about female physiology and thormoqulation as i, lated

to performanoo in the heat.

Special thanks to the women who partioipated in the project. Their depth

of oommittuent to sustained montal work in evidanoed by the control value@

obtained in the mtudy.

JI



r�. -

U

[ II I
/ /

I 1
I

I
I

I

I, I S

II /
I

I // a

q�q
0

I

I
I.
I I
I I
I I

I I
I.
I I
I I
I I

I I

I I -

I I i p

4



YU.6 1. O odebook task toWa error@ commisision omisiasion) as group mean

percent with Xv17 (etoept in heat wherte N •aruly dwore.se4, yree text). In

each mseies of A d, there were two ooltr'o1 oeessons wearing the battle dress

uniform3 (3WJ), me oontrol session wearing th. MOPP-IY, MA we hest-stress

session wearing 'the MOPP-IY. The EDU oontrol sessions were at 21.1 C; the "OPP

control session wae at 12.8 C (judged Ahe equivalent of 21.1 C) en the MIOPP

heat-stresm session was at 32.8 C. Usk was performed during hours 1, 3, 5,

and 7 only. BIU-Control-1reolid lineo MUPP-Controlzui•ort-d4ahed line;

DU)-Control-2zloag-dashe4 line; oIOPP-Heat-Strtesudotted line.
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Pig. 2. Oodevhosl task total e-rose (oommiaoion + omision) " group man

peroent with 0t17 (exoept in best wheez' N gpdally deoreased, see text). In

eso. setrie of 4 d, there were two oontrol sesio wearing the battle dress

unifora (BDU), one oontrol session wesrizag the MOPP-IY, and an beat-streum

sllession weari1g the 1 P?-IY. The 3 o ;ntrol elssions were at 21.1 C; the ?KIPP

control session was at 12.8 C (Judged the equivalent of 21.1 09 ) the MOPP

heat-stream session was at 32.8 C. Task wsu perfo-med dur,4 hours 1, 3, 5,

and 7 only.-BDU-Con-trol-1esolid linel NOPP-Controlashort-dushed line;

BDU-Control-2clong-dashed line; MOPP-Heat-Stream dotted line.
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Pg. 3. it.e oomautation task total errors (omossion + omission) as poup

sun perocat with Nlz1 (exoopt in heat where N gradually deoreaseod, oe text).

.In *aoh series of 4 d, there were two oontrol sessions vearing the bttle

dream uniform (BDJ), one oontrol session wearing the ?OPP-IY, and one

beat-stress session wearing the HOPP-IV. The BW oontrol sessions were at 21. 1

C; the ,O PP oontrol session was at 12.8 C (Judged the equivalent of 21.1 C),

and the HOPP heat-stress session was at 32.8 C. Task wya performed during

hours 1, 3, 5, and 7 only. BW-Control-lzsolid linel HOPP-Controlzahort-dashed

liue; EDU-Control-2:long-dasahed line; MOPP-Heat-Stross=dotted line.
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SPig. l. '-t plotting ooouirent with radio moo" as the number ofI -goU plotted with Nz17 (Ceoept in beat where N gradual1y deo-essod, oee

10,M -). In emoh ee..e of 4 d, 11wo vwe, two oontrol mesions weezng the

battle dress unoifor (3M), one control eeo sioc wearing the 1OPP-IV, and one

heot.atn'oM8 mSULon WeAg *0 HIOPP-IY. The U oontrol seslons wre" at 21.1

0 the OMP control session wa at 12.8 C (judged the equivalent of 21.1 C),
and the K)PP heat-stre sesOsion was at 32.8 C. Results depicted here are for

how* 1, 3, 5, and 7 only. BIN-Control-lasolid line; HOPP-Ccntroluzkiort-dashed

line; BDU-Control-2zlong-daehed line; HOPP-Heat-Stress sdotted line.
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Pig. 5. Igt pJOtLg as the number of targets plotted vwit Nu17 (exoept

in beot where N gradually deoreased, see text). In eaoh sories of 4 d, there

W two oontrol sessions veering the battle dress uniform (C3U), one oontrol

session vearing the 2MPP-IV, mnd one heat-stress session wearing the MDPP-IV.

bte . ooantrol sessions were at 21.1 C; the POPP oontrol session as at 12.8

C (:udged the equivalent of 21.1 C)Q and the MOPP heat-stress session ws at

32.8 C. Results depioted here are for hours 2, 4, and 6 only. BD-Control-lz

solid line; HOPP-Controlushort-deshed line; BDU-Control-2slong-da"hed line;

M1FPP-Hest-Streessdotted line.
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